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INTRODUCTION 
Excellent near-infrared spectra of the outer planets have been obtained in recent years with a 
Michelson interferometer and lead sulfide detectors. Connes, Connes, and Maillard (ref. 1 )  have 
published a Jupiter spectrum with a resolution of approximately 0.4 cm- ' in the range from 5700 
to 8500 cm- ' and a Saturn spectrum with a resolution of approximately 1.7 cm- ' in the range 
from 5900 to 8500 cm- ' . Maillard, Combes, Encrenaz, and Lecacheux (ref. 2) recently reported an 
improved Jupiter spectrum with a resolution of approximately 0.22 cm- ' in the spectral range from 
4000 to 12 000 cm- ' . No infrared spectra of Uranus have apparently been published. 
The purpose of this report is to present new Jupiter, Saturn, and Uranus infrared spectra. The 
Uranus spectrum was obtained at a resolution of approximately 32 cm-' in the range from 6000 to  
10 000 cm-' . Saturn, Jupiter, and Sun spectra were measured with a resolution of approximately 
0.5 cm- ' in the range from 6000 to 10 750 cm- '. Relative comparisons of Saturn, Jupiter, and Sun 
spectra are easily made because all spectra were obtained with the same instrument and at the same 
resolution. 
EXPERIMENTAL PROCEDURES 
I I ,  A 
During November 1972, observations of Saturn and Jupiter were ,wade with the ~ o u d 6  focus 
of the 272-cm (107-in.) telescope at the McDonald Observatory. To zinimize the effect of 
planetary rotation on spectral resolution, an aperture was used for Jupiter measurements that 
permitted only the central third of the disk to enter the interferometer (ref. 2). An aperture was 
used for observing Saturn that excluded the rings but included as much of the planetary surface as 
possible. The Sun measurements were made during the day before the planetary measurements were 
made; a perforated screen was placed over the telescope mirror to  reduce the light intensity. To 
observe the different spectra, measurement times of 50 min for Jupiter and 150 min for Saturn 
were required. Only a few minutes were required for observing the Sun spectra. 
Uranus was measured in March 1972. The results of three 1 -hr runs were added to  determine 
the final spectrum. The measurements were made at a resolution of 16 cm-' . Because the resulting 
data contained too much noise, the resolution was reduced mathematically to 32 cm-'. The 
resulting spectrum had a peak signal-to-noise ratio of approximately 20. 
The Michelson interferometer used for the measurements was a rapid-scan instrument in which 
successive scans were coadded to yield a final interferogram. For the 0.5-cm-' spectra, the 
displacement of the moving interferometer mirror was 1 cm, and each stroke required 16 sec. The 
interferograms were digitized at 217 intervals and coadded on a magnetic disk. The digitization 
intervals were generated by quadrupling the interference waves from a helium neon laser. These 
intervals represent an oversampling of the interferogram, performed to maximize signal-to-noise 
ratios. The detector was a liquid-nitrogen-cooled germanium photovoltaic cell, which was sensitive 
in the range from 6000 to 10 750 cm- ' . 
The interferogram is sampled at intervals determined by the interference waves generated from 
a reference helium neon laser beam. When the reference laser beam and the telescope axis are 
perfectly alined, the spectral line positions are accurately determined from the laser wavelength. 
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However, because this alinement was difficult, there were slight shifts in the line positions. The 
telescope beam convergence V/32) and the variation of the refractive index of air with wavelength 
also produced wavelength shifts. All these factors were taken into account by adjusting the 
wavelength scale so that the terrestrial water vapor absorption lines were correctly located. On the 
average, vacuum wavelengths in the resulting spectra are accurate to within 50.1 cm- 
Apodization was not applied to the interferograms; thus, the measured spectral resolution was 
approximately equal to  the full instrumental resolution of 0.5 cm- ' (estimated from the half width 
of terrestrial water vapor lines). A five-point interpolation was performed on the transformed 
interferogram to provide smooth plots and precise line locations. 
RESULTS 
A plot of the Uranus spectrum, together with Saturn, Jupiter, and Sun spectra for comparison, 
is shown in figure 1. All spectra are shown at a resolutjon of 32 cm- No corrections have been 
applied for the instrument function, atmospheric transn~ission, or detector response. The plots are 
scaled such that the maximum value in the 6000- to  10 000-cm- range is assigned a value of unity. 
No data are shown in the 7100- to 7400-cm- range because of water vapor absorption in that 
spectral range. The plots clearly indicate the substantially larger methane and hydrogen absorptions 
of Uranus as compared to  those of the other outer planets. 
The necessity for a long exposure time in making Uranus measurements may introduce 
contamination caused by terrestrial airglow. A comparison of the Uranus spectrum, as shown in 
figure 1 ,  with an airglow spectrum measured with the Michelson interferometer used in experiments 
previously mentioned indicates that the spectral range near 6350 cm-l is probably caused by the 
4-2 band of the terrestrial hydroxyl airglow and that the features near 6650 cm-I are probably 
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caused by the 3-1 hydroxyl band. Other spectral regions are believed to be significantly unaffected 
by airglow. 
A comparison of the iatio spectrum of Uranus and the Sun with similar ratio spectra for 
Jupiter and Saturn is shown in figure 2. The ratio spectrum is a representation of the relative 
reflectivity spectrum of the planet with solar energy distribution, instrument function, detector 
response. and atmospheric transmission removed. These plots show more clearly the increased 
methatle and hydrogen absorptions of Uranus compared with those of the other outer planets. No 
data are given between 6900 and 7500 and between 8500 and 9000 because the values were 
negligibly low. 
----- JupiterlSun 
- - SaturnlSun 
-------- UranuslSun 
(a) Wave number, cm-I 
(b) Wave number, cm-I 
Figure 2.-Near-infrared ratio spectrum of Uranus and the Sun compared with Jupiter and 
the Sun and Saturn and the Sun ratio spectra at a resolution of 32 cm-l. (a) 
Spectral range from 6200 to 7600 cm-l. (b) Spectral range from 7600 to 8400 
cm-1. 
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(c) Wave number, c m - I  
Figure 2 (concluded).-Near-infrared ratio spectrum of Uranus and the Sun compared 
with Jupiter and the Sun and Saturn and the Sun ratio spectra at a resolution of 32 
cm-l . (c)  Spectral range from 8400 to 9800 cm-l . 
Jupiter, Saturn, and Sun spectra in the range from 6000 to  10 760 cm- l are shown in figure 3. 
The abscissa is the spectral position in wave numbers (cm- l ) with 30 wave numbers plotted on each 
page. The ordinate of each plot is the approximate signal-to-noise value, defined as the ratio of the 
spectral intensity to the standard deviation of the signal outside the sensitive region of the detector. 
The plots on each page are individually scaled to  achieve maximum use of the ordinate scale; the 
minimum and maximum values of the ordinate are given at the top of each page. In these plots, the 
signal-to-noise values range from approximately 5 to  100. No corrections have been applied for the 
instrument function, atmospheric transmission, or detector response. The positions of terrestrial 
water and carbon dioxide absorptions with cross sections larger than cm- ' (ref. 3) are 
marked with a "T" at the bottom of the plots. (The terrestrial oxygen band near 7880 cm-' is not 
marked.) No data are given between 6990 and 7400 cm- l because of strong terrestrial water vapor 
absorption in this region. The Doppler shift was 0.90 cm-l to  lower wave numbers (elongation E 
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76") for Jupiter and 0.85 cm-' to  higher wave numbers (elongation W 1 14") for Saturn. A 
comparison of the Jupiter spectrum of figure 1 with that cited in reference 1 at about the same 
resolution shows the spectra to be virtually identical in regions of high signal-to-noise ratio (after 
allowance for the Doppler shift). 
Figure 4 has been constructed to aid studies of the continuum reflection and molecular 
absorption bands. Parallel plots of the ratio of Saturn td the Sun, Jupiter to the Sun, and ~ u ~ i t e r  t o  
Saturn are shown. In preparing these plots, the planetary spectra have been shifted an amount 
corresponding to the Doppler shift. Terrestrial absorptions are then shifted relative t o  one another 
in the solar and planetary spectra. The ratios are distorted correspondingly at  these points, which 
are marked with a "T" at the bottom of the plot. Noise fluctuations occasionally produced large 
ratio values, which led to  difficulties with the choice of the ordinate scale. To minimize this 
problem, each plot (45 cm-' long) was individually scaled, and ratio values that exceeded three 
times the mean value were set equal to  zero. Normally, the zero values that result from this 
calculation can be easily distinguished from true absorptions. 
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Figure 3.-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at a resolution 
of 0.5 cm-1. 
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Figvre 3 (continued).-Near-infrared spectra of Saturn, Jujiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
8 NEAR-INFRARED SPECTRA O F  JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1972 1B21UT. UIDDLE CURVE SATURN OCT9.72 0939UT.  LOUER CURVE JUPITER OCT9.72 030ZUT 
UPPER WIN .41BYB+O1 UAX .95el '++Ol U l O  U l N - . 2 2 3 1 6 * 0 0  UAX . 5 8 2 2 5 * 0 1  LOUER U l N  . 5 0 6 0 3 * 0 1  UAX . 9 6 9 7 1 + 0 1  
WAVE N U M B E R  C U - l  
Figure 3 (continued).-Near-infrared spectra of Safurn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at  
a resolution of 0.5 cm-l . 
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Figurc 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 c m  l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
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.Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared a t  
a resolution of 0.5 cm-l . 
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Figure 3 (continued).--Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared a t  
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cin-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
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Figure 3 (continued).-Near-infrared spectra of Satuyn, Jupiter, and the Sun compared at 
a resolution of 0 .5  cm-l . 
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Figure 3 (continued).-Near-infrared spectra or c -  . I ~ P ,  Jl~pitcr, and the Sun compared at 
a resolution ot 0.5 cru- ' . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, ~upiter,  and the Sun compared at 
a resolution of 0.5 cm-I. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 3 7 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPC'R CURVE SUN DCTB.lS?i! 182IU1,  RIDDLE CURVE SATURN OCTS.7P OSSSUI, LO))CR CURVC JUPl l tR  OCT0.7P OSOOUl 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1972 1$21UT. UIDDLE CURVE SATURN OCT9.72 0939UT. LOWER CI'RVC JUPITER OCT9.72 0302UT 
UPPER UIN-.99701+01 UAX .eoroe+oe UID UIN-. 1s3ee+oo UAX . ~ r s 7 u + o l  LONER UIN . I C ~ O O ~ O I  UAX . eses7*o l  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
40 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 4 1 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-I. 
42 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1972 IB2lUT.  NlDDLE CURVE SATURN OCT9.72 0939UT. LOMR CURVE JUPITER 0CT9.72 030PUT 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l.  
NEAR-INFRARED SPECTRA O F  JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT8.1972 182lUT. UIDDLE CURVE SATURN OCT9.72 0939UT. LOYER CURVE JUPITER OCT9.72 0302UT 
UPPER UIN- .10126*02 UAX .33907+02 UID ~ 1 ~ - . 4 8 2 3 7 + 0 1  #AX . ~ 7 8 3 * 0 2  LONER RlN-.20907+01 UAX .57513*02 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared .spectra of Saturn, Jupiter, and the Sun combared at 
a resolution of 0.5 cm- l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 4 5 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
46 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT0.1972 102LUT. MlDDLE CURVE SATURN OCT9.7P 0939UT LONER CURVE JUPlTER OCTS.72 0302UT 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm'l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 47 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
48 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1972 1821UT. MIDDLE CURVE SATURN OCT9.72 0939UT. LONER CURVE JUPITER OCT9.72 0302UT 
UPPER MlN .48567+01 HAY .32*29+02 n l 0   IN .39679+02   AX .a7281 +02 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued),-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . ' 9 ', \ I
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 5 1 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
52  NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN 6CT8.1972 !f92IUT. HIDOLE CURVE SATURN DCT9.72 0939UT. LOWER CURVE JUPITER DCT9.72 0302UT 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 5 3 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
I 
54 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1972 1821UT. MIODLE CURVE SATURN OCT9.72 0939UT. LOUER CURVE JUPITER OCT9.72 0302UT 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
56 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 5 7 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
5 8 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPCR CURVE SUN OC?l , l972 I W l U t ,  MIDDLE CURVE ShTURN QCP9.72 Q939Ut. LQUER CURVE JUPllCR OCt9.9P 040eUt 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 5 9 
UPPER CURVE SUN OCTB.1972 1021UT. HIDOLE CURVE SATURN OCT9.72 0939UT. LONER CURVE JUPITER OCT9.72 0302UT 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, ~ u ~ i t e r ,  alid the Sun compared at 
- 7  a resolut<on of 0.5 cm-1. 
I 
, < 
i 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 6 1 
UPPER CURVE SUN OCTB.1972 1021UT.  UIDDLE CURVE SATURN OCT9.72 0939UT.  LOMER CURVE JUPITER OCT9.72  0302UT 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
62 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 63 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1972 1821UT. MIDDLE CURVE SATURN OCT9.72 0939UT. LOCKR CURVE JUPITER OCT9.78 0302UT 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
6 6 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-I . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 67 
UPPER CURVE SUN OCTB.1972 1021UT. MIDDLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER 0C79.72 0302UT 
UPPER UIN-.11151+01 WAX .17'459*02 U10 MlN . l63YBt02 SAX .500Y3+02 LONER fllN .10287+02 #AX .39195*02 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
68 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPCR CURVC SUN OCTB.lQ7Z IBCIUT, NlOOLE CURVC SATURN MTQ.72 OQSSUT. LOWCR CURVE JUPITCR OCTO.7P O3ODUI 
UPPCR ~ ~ N - . I B ~ o ~ + o I  MAX . 1 0 2 ~ ~ * 0 1  n t o  n t ~  .1337s+oe nrx  .ucsss*oe LOWR #IN .?neue*ot n ~ x  .utssu*oe 
~ igd re  3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 69 
UPPER CURVE SUN OCTB.1972 IB21UT. #IDDLE CURVE SATURN OCT9.72 0939UT. LOUER CURVE JUPITER OCT9.72 0302UT 
. \ 
UPPER WIN-.52509+01 WAX .17300+02 WID HlN .96799*01 HAX .31259+02 LOUER WIN .57185*01 WAX .29712+02 
H A V E  NUMBER CR-1  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a res6lution of 0.5 cm-l. 
70 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1972 IB2IUT. MIDDLE CURVE SATURN OCT9.72 OO39UT. LOHER CURVE JUPITER OCT9.72 0302UT 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm'l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l-;. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 73 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
74 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1972 182LUT. RlOOLE CURVE SATURN OC19.72 0939UT. L O W R  CURVE JUPITER OCT9.12 0302UT 
UPPER RIN- .507l? l+Ol  WAX .155U2*02 R I D  M I N  .112U4+00 WAX . 9 3 7 1 3 + 0 1  LOWER RIN- .  1 0 6 2 6 + 0 I  MAX . 9 5 6 7 7 * 0 1  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-I. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 7 5 
UPPER CURVE SUN OCTB.1972 1821UT. UlDDLE CURVE SATURN OCT9.72 0939UT. LONER CURVE JUPITER OCT9.72 0302uP 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
7 6  NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN 0 ~ ~ 8 . 1 9 7 2  IBOIUT. n t o w  CURVE SATURN O C T O . ~ ~  09jguT. LOUER CURVE JUPITER 0 ~ ~ 9 . 7 ~  0302UT
UPPER HIN-. l2913+01 MAX .1561)9+02 MI0 WIN-.16821*00 MAX .83281+01 LOKR HIN-.W69S*OO MAX .6137f!*01 
Z Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
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UPPER MIN .1432?+00 MAX .13973*02 M I D  MIN-.55393+00  AX .32075+01  LOUER MIN-.63345+00 MAX .24742+01 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and thksuawmpared at 
a resolution of 0.5 cm-l. 
7 8 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT8.187a iII?IUT, ~IOOLC CURVE SAPURN OEl8.7? OQ38UT. L O ~ R  CURVC JUPI~ER OC18.9? 030eUY 
UPPER WIN-. ~ e o a a + o ~  nrx . i w e * o e  HID WIN .holoa+oo WAX .3es31.01 LOWR MIN-.WOK-01 nax . I L ~ S . ~ * O I  
0 
T 1 I Y I T  I 1 
NAVE NUNBER cn- I  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
80 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT8.1972 1821UT. MIDDLE CURVE SATURN OCT9.72 0939UT. LOMR CURVE JUPITER OCTS.72 0302UT 
UP&R NIN-.38SOO+OI MAX .13035+02 LOMR MlN .15769+00 MAX .3YOOY*OI 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
Figure 3 (continued).-Near-infrared s p e e d  of Saturn, Jupiter, and ihe Sun compared at . . 
a.resolution af 0.5 cm-l . 
8 2 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1072 lB2lUT.  NlOWE CURVE SATURN OCT9.72 0039UT. LOMER CURVE JUPllER OfTB.72 0302UT 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at  
a resolution of 0.5 cm-1. 
NEAR-INFRARED SPECTRA O F  JUPITER, SATURN, AND URANUS 8 3 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1972 I B 2 l U T .  NlDDLE CURVE SATURN OCT9.72 0939UT. LOUER CURVE JUPlTER OCT9.72 0302U1 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 8 5 
UPPER CURVE SUN OCTB.1978 IB2lUT.  MIDDLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUP179R OCTB.7P 030eUT 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT8.1972 I82 lUT .  MIDDLE CURVE SATURN OCTS.72 0939UT. LOUCR CURVE JUPITER OCT9.7e Osoeut 
UPPER #IN-.YIBOB+OI MAX . e7us l+ot  MID MIN- .nu~so+oo nrx .38173+01 LOSR MIN . I Y B ~ ~ + O I  nrx . 7 5 ~ 3 a r o 1  
I T T T T  T I  T T I  T 1 T I  T 1 
HAVE NUMBER C M - 1  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 87 
UPPER CURVE SUN OCTB.1972 tB21UT. BIODLE CURVE SATURN OCT9.10 0939UT. LJUER CURVE JUPITER OClO.10 0300UT 
UPPER BIN-. I950Y *Ol MAX . 12539*02 MID MI* . 7 1 0 ~ ~ * 0 0  MAX .103b0*01 LOWR MlN .Y3109+01 MAX .1058 l *O l  
I I I I 
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H A V E  NUMBER C M - l  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
, 88 ' NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB. 1072 I0 t IUT.  MIDDLE CURVE SATURN OCT9.72 0939UT. LOYER CURVE JUPITER C 9 .72  O302UT 
UPPER WIN-.DBPIi?+OI NAX .948%8+0l MI0 MlN .18118+01 MAX .10869+02 LOYER NlN .37791*01 MAX .0!5908+0l 
u I Y  1 -  1 \ 1 1 u 1  1 I I I I 1 I I 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1972 182LUT. NlODLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER OC7S.72 0302UT 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
90 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT8.1972 L821UT. HlODLE CURVE SATURN OCT9.72 0939UT. LOUER CURVE JUPITER OCT9.72 0302UT 
UPPER UIM-.9Y282r01 UAX .92525+0L MID R l N  .21137+01 #AX .20857*02 LONER H I N  .17456+01 P4X . I 8 6 5 1  r 0 2  
, 
0 
T T 
WAVE MUU8EW C R - l  T T T T  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 c m l .  
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT8.1972 1821UT. HIDOLE CURVE SLTURN OCT9.72 0939UT. LOWR CURYE JUPITER OCT9.72 OSOCUT 
UPPER HIN-.'+9722*0I MAX .98022+01 1110  IN-.80371*00 HAX .22927+02 LOYER NlN .156Y6*00 HAX .26220+02 
9460 8965 8970 8975 8980 8905 8990 
T T Y Y  T T T T  T T  I T  T T 
M A V C  WUHBER C H - l  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
. 92-  NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT8.1972 IBPIUT. RIDDLE CURVE SATURN OCT9.72 0939UT. LOWR CURVE JUPITER OCT9.72 0302UT , 
I _ UPPFR R I N - . ~ ~ ~ ~ I + o I   AX . 1 . , 1 3 5 u + ~  RID   IN .15107+01   AX .46356+02 LOHER WIN .2690*+01 MAX .l(Y929t02 
Figure 3 (continued).-Near-infrared spectra bf Saturn, ~uc i t e r ,  ind  the Sun compared at  \ 
L ,  a r e s o l ~ t i o n ~ d  0.5 cm-l. -., 
, 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS ,: 93 
UPPER CURVE SUN OCTB.1972 1821UT. IllOOLE CURVE SATURN OCT9.72 0939UT. LOWR CURVE JUPITER OCT9.72 OSOEUT I 
UPPER 1l1~-.26835+01 HAY . l 0 0 l r + 0 2  I l l 0  B I N  .6700Y+OI HAY .Y7673+02 LOWER HIN . 1 ~ 0 5 6 + 0 1  MAX . ~ * O B I * O ~  : 
9020 9025 9030 9 0  35 90VO 9 0 W  
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NAVE NUMBER C M - l  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
94 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB. I972  1821UT. MIDDLE CURVE SATURN OCT9.72 0839UT. CDMR CURVE JUPITER OCT9.7E 0302UT 
UPPER MIN-.1+929+01 MAX .92604+01 MID UIN . 1 e 6 o o + o ~   AX .cssee+oe LOWER UIN . 1 ~ 1 0 2 + 0 2  UAX .se*el+oc 
Figure 3 (continued),-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT0,1972 1021UT. RIDDLE CURVE SATURN OCT9.72 0939UT. LOYCR CURVE JUPITER OCT9.7E 030eUT 
UPPER M I N - . ~ B ~ ~ O + O O  n r x  .ses79+01 n i o  M l N  . l Q 3 7 b r 0 2  n ~ x  .bu373+02 LOKR n l ~  . 1 3 e ~ o + o e  n r x  . s e 1 7 o + o e  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
96 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1972 I W I U T .  MIDDLE CURVE SATURN OCT9.72 0939UT. LOYER CURVE JUPITER OCT9.72 0302UT 
UPPER UlN . l lB67tOI  MAX .92OW*Ol n l 0  u IN  .lB457+02 UAX .*7627*02 LOWER UIN .19535+02 UAX .516B9+02 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 97 
UPPER CURVE SUN OCTB.1972 I B Z I U T .  UlDDLE CURVE SATURN OCT9.7Z 0939UT. LOWER CURVE JUPITER OCT9.72 030ZUT 
UPPER MlN . 2 6 2 6 5 + 0 0  MAX .906YZ+Ol  MID M l N  . 2 2 2 8 8 + 0 2  MAX . * 4 1 5 1 + 0 2  LOYER M l N  . 2 0 7 7 0 * 0 2  UAX . 5 6 0 9 5 * 0 2  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
98 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1972 1821UT. UlDDLE CURVE SATURN OCT9.72 0939UT. LOUER CURVC JUPITER OCT9.72 O3OCUT 
UPPER UtN .17784+01 PIAX .85911*01 LOUER U l N  .09449+02 UAX .SB614+02 
HAVE NUMBER C U - 1  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 99 
UPPER CURVE SUN OCTB. 19'12 IB2lUT. NIOOLE CURVE SATURN 0CT9.72 0939UT. LOWR CURVE JUPl TCR OCT0.72 0302UT 
UPPER M1N .20238+00 NIX .89765+01 n l 0  NIN .28937+02 MAX .47288+02 LOHER MlN .2SlY9rOP MAX .97170+02 
U 
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-- 
T T T 
HAVE NUMBER C U - i  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
100 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1972 1821UT1 UlOOLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER OCT9.72 O302UT 
UPPER WIN .14624+01 MAX .85253+01 MID U l N  .306Y7+02 UAX .45310+02 LOWER MlN .56730+02 )(AX .57388*02 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 10 1 
UPPER UIN . 3 0 0 2 ~ + o t  UAX .84456+01 UIO UIN . 3 ~ 0 6 6 + 0 2  nAx . ~ 5 2 0 9 + 0 2  LOWR HIN . ~ 2 e s ? + o 2  nrx .r)tiu31+02 
9260 9265 9270 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
102 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT8.1972 l W l U T ,  UlDDLE CURVE SATURN OCT9,72 0S1SUT. LO&R CURVE JUPITER OCTS.72 030eUT 
UlD U lN  .33172*02 UAX .Y473%*02 LOWER SIN . 3 5 6 3 6 + 0 ~  UAX . ~ ~ s s P + o ~  
HAVE NUMBER C M - l  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPWR CURVE SUN OCTa.1972 I W l U T ,  MIOWE CURVE SATURN OCTO.7P OSSQUT. LOWER CURVE JUPltCR OCI9.7P OSO?U~ 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
104 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OC10.IQ7C I W l U T .  HIDPLC CURVC SATURN OCTS.70 0939U1. LOWER CUR% JUPITCR OCTS.7C O3OCUl 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resoluhn df 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 105 
WAVE MUHBER C H - l  
Figure 3 (continued).-Near-infrared, spectra of Saturn, Jupiter, and the Sun compared at 
a resolution pf 0.5 cm-l. 
106 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT8.1972 1821UT. MIDDLE CURVE SATURN OCT9.72 0Q39UT. LONER CURVE JUPITER OCT9.72 030eUT 
UPPER MlN .29558+01 MAX .78922+01 HID MlN .282*6*02 MAX .38228+02 LOKR flIN .36939+02 RAX .UB7W+02 
0 
WAVE MURBCR CM-1  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-I. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 107 
UPPER CURVE SUN 0 C T 8 . 1 9 7 2  I8E'lUT. MIDDLE CURVE SATURN OCT9.72 0939UT.  LONER CURVE JUPITER OCT9.72 0302U1 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
108 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB. 1972 I 8 2 l U T .  MIDDLE CURVE SATURN OCT9.72 0939UT.  LOUER CURVE JUPl TER OCT9.72 0302UT 
H A V E  N U M B E R  C U - I  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 109 
UPPER CURVE SUN OCT8.1972 IBCIUT. HlODLE CURVE SATURN OCT9.72 0939UT. LOUER CURVE JUPITER OCT9.72 0302UT 
UPPER MlN .38161+01 MAX .73' t41+0l  M I0  U I N  .26997+02 MAX .3?171+02 LOt:"4 H l N  .36396+0? MAX . 4 l 2 8 5 + 0 2  
UAVE NUMBER C H - l  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB. 1972 IBPIUT. MIDDLE CURVE SATURN OCT9.72 0939UT. LOLNR CURVE JUPITER OCT9.72 0302UT 
UPPER NIN . ~ 1 2 2 5 + 0 1  MAX .73584*01 MID MlN .2C7lB+O2 MAX .3lB00*02 LOLNR NlN .27955+0e MAX .COCYQ+02 
W A V L  NUMBER E N - l  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA O F  JUPITER, SATURN, AND URANUS 1 1 1  
UPPER CURVE SUN OCT8.1972 1821UT. UlDOLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER OCT9.72 0302UT 
UPPER UlN .38562+01 WAX .81633+01 RID MlN .21120+02 WAX .29924+02 LOUER MlN .23111+02 #AX .37379+02 
H A V E  NUMBER C W - l  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at  
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1972 1821UT. MIDDLE CURVE SATURN OCT9.72 0939UT. LOYER CURVE JUPITER OCT9.72 O302UT 
UPPER nlN .22540+01 MAX .69206+01 LOWER nIN .17576+02 MAX .28921+09 
WAVE NUHBER C U - I  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
114 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN M78.1972  1821UT. MIDDLE CURVC SATURN M T 9 . 7 2  093SUT. LOWER CURVC JUPITCR OCT9.72 0302UT 
UPPER MIN .17979*01 MAX .7uoal+ol  MI0 MlN . I5Y80*02 MAX .22956*02 LOWER MlN .135t?6*OE MAX .25227rOP 
%SO %65 %'I0 9675 %SO 
YAVE NUHBCR C H - l  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 115 
UPPER CURVE SUN OCTB.1972 1B2lUT. MIDDLE CURVE SATURN OCT9.72 0939UT. LOYER CURVE JUPITER OCT9.72 0302UT 
UPPER MlN .24760+OI UAX .6 '+074+0l  , MID MlN .12260+02 MAX .20992+02 LOWER MIN .116Y5+02 MAX .20229+02 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
116 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT8.1972 1021UT. UlDDLE CURVE SATURN OCT9.72 0939UT. LOUER CURVC JUPITER OCf9.72 0302UT 
UPPER UlN .31977+01 UAX .656 l0+0 l  HID n l N  .10034+02 UAX .19021+02 LONER UlN .10170+02 UAX .20732+02 
WAVE NUMBER CM-1 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB. 1972 I0PLUT. UlODLE CURVE SATURN OCT9.72 0939UT. LOYER CURVE JUPITER OCT9.72 0302UT 
UPPER nrw .31027+0t UAX .60272+01 nlo  n r ~  .85663+01 UAX .15799+02 LOWER nrN .8ew31+01 MAX .10018+02 
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97'4 0 9745 9750 9755 9760 9765 9770 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
118 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT8.1972 1821UT. NlOOLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPlTCR OCT9.72 0302UT 
UAVC NUMBER C t l - l  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT8.1972 l82 lUT .  HIDOLE CURVE SATURN OCT9.70 0939UT. LOUER CURVE JUPITER OCT9.70 OSOEUT 
UPPER MlN .29462+01 MAX .58lO8tOl  MID  IN .65650+01 MAX . 1 ~ 2 0 6 * 0 2  LOWER   IN .72312+0l  MAX . ! 8 ~ 9 9 * 0 2  
0 
Y A V E  NUMOER C n - I  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
120 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT0.!972 I€G!lUT. MIDDLE CURVE SATURN 0CT9.72 0939UT. LONER CURVE JUPITER OCTP.72 0302UT 
, 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA O F  JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB. 1 9 7 2  I B r l l U T ,  UlOOLE CURVE SATURN OCT9.72 O93SUT. L O W R  CURVE JUPITER OCT0.12  OJOBUT 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
122 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT8.1972 1821UT. RIDDLE CURVE SATURN OCT9.72 0939UT. LOMR CURVE JUPITER OCTS.72 0302UT 
UPPER U lN  .2Y633*01 HAX .69010+01 H ID  H l N  .13160+01 MAX .69729*01 LOWER f l l ~  .26765+01 MAX . 1 0 5 6 ~ * 0 2  
WAVE NUMBER C H - l  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 123 
UPPER CURVE SUN OCT8.1972 1821UT. MIDDLE CURVE SATURN OCT9.72 0939UT. LOYER CURVE JUPITER OCT9.72 0302UT 
UPPER MIN . 1 5 0 ~ 1 + 0 1  MAX . ~ ~ 3 ~ 2 + 0 1  M I D  WIN . I B 0 5 5 + 0 1  MAX . 6 7 1 1 5 + O I  LOUER M l N  . 3 2 5 1 8 + 0 1  MAX . l 0 6 2 5 + 0 2  
WAVE N U M B E R  C M - 1  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
124 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB. 1972 1821UT. MlODLE CURVE SATURN OCT9.72 0939UT. LOUER CURVE JUPITER OCTS.7P O3OPUT 
UPPER MlN .2YY30+01 RAY .56116+01 H ID  H l N  .16061+01 UAX .10538+02 LOYER H l N  .Y6078+01 MAX .13714+,0P 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
I a resolution of 0.5 cm-l. 
?. - -. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 125 
UPPER CURVE SUN OCTB. 1972 1821UT. UIDOLE CURVE SATURN OCT9.72 0939UT. LOWER CURVE JUPITER OCT9.72 0302UT 
UPPER MlN .2 l028*01  UAX .52909+0l  MI0  UlN .38776+01 MAX .10537+02 LOUER UlN .50126*01 UAX . lY100+02 
I l l  
9960 9985 9990 9995 10000 10005 lOOl0 
WAVE NUNBER C N - l  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
126 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCT0.1972 I02IUT. NlOOLE CURVE SATURN OC19.72 0939UT. LOUER CURVE JUPlTtR OCT9.72 0300UT 
UPPER MlN .20196t01 HAX .59055*01 n l 0  U ~ N  .10625+01  AX . 1 0 2 ~ + 0 2  LOWR RlN .37066+01 nrx . is611+oe 
lOOl0 lOOl5 10020 1 OOPS I0030 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 127 
UPPER CURVE SUN 0CT8.1972 182IUT. UIDOLE CURVE SATURN OC19.7Z O939UT. LOUER CURVE JUPITER bCT9.7Z O3OOUT 
UPPER UIN .23293+01  AX . ~ 0 1 6 9 + 0 1  nlD  IN .11931*01 UAX .75188+01 LOWER M ~ N  .51291+01 MAX .111(13+09 
WAVE NUnSER CR-1 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at  
a resolution of 0.5 cm-l. 
128 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPER CURVE SUN OCTB.1972 182lUT. RIDDLE CURVE SATURN OC79.72 0939UT. LONER CURVE JUPITER OCT9.72 0302U7 
UPPER # I N  .19938+01 RAY .53506+01 RID HlN .10700+0l MAX .8Wt37*Ol 
WAVE NUMBER CM- l  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 129 
UPPER CURVE SUN OCT8.1972 1821UT. UIODLE CURVE SATURN 0CT9.72 0939UT. LOYER CURVE JUPITER OCT9.72 0302UT 
UPPER UlN .17777+01 UAX .52725+0l  UlD HlN .66659+00 HAX .70162+01 LOWR UlN .15650*01 MAX .12022+02 
UAVE NUUBER C H - 1  
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
130 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
UPPCR CURVE SUN 0 ~ 1 1 . 1 ~ 7 e  IWIUT RIOOLC CURVE SATURN o c t s . 7 ~  osssur. LONI c u n w  JUPI TER 0 c r s . 7 ~  OSOCUI 
UPPCR N I N  .8JB60+00 MAX (5CIOO*OI R ID  R l N  . IO I7U*01  MAX .OSOCSrOl L O N R  MlN .YOS5S*OI MAX . IY~O?VOE 
Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the sun  compared at 
a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 131 
UPPER CURVE SUN OCTB.I97C IB2lUT.  RlDDLE CURVE SATURN OC19.72 0930UT. LOWR CURVC JUPITER OCTB172 OSOEU? 
UPPER RIN . ~ 9 0 1 9 t 0 0  MAX . 5 3 l l ~ t 0 l  H ID  H l N  . !2OW*Ol WAX .86900+0l  LOIXR H l N  .QOB2l+Dl RAX .1238"101! 
I I 
10160 10165 10170 10175 l O I I 0  10115 10190 
T 1 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at  
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupkter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l: 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-1. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-I . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infr.ared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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' Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 
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Figure 5 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compitred at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l. 
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Figure 3 (continued).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm- . 
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Figure 3 (concluded).-Near-infrared spectra of Saturn, Jupiter, and the Sun compared at 
a resolution of 0.5 cm-l . 
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Figure 4.-Ratio plots of Saturn and the Sun, Jupiter and the'Sun, and Jupiter and Saturn 
spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
4 
154 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
RATIO CURVES. UPPER...SATURNISUN. UlDDLE...JUPITERISUN. LOb(ER....JUPITERISATURM 
UPPER MlN .YC993-01 UAX .39870+00 HI0 MlN .72365*00 MAX .35580+01 LOU RlN .OOOOO MAX .1%?13+02 
1 1  I I I l i  I l l  I I I I I I I I I I I I I I I I I I I I I I J  
$1 35 61YP.5 61 50 6157.5 6165 817P.5 01 @O 
H A V E  NUMBCR CW-1 
Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
.Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 159 
RATIO CURVES. UPPER...SATURNISUN. HlDDLE...JUPITERISUN. LOMR....JUPITERISATURN 
Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and-Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figute 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared atla resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter arid Saturn spectra compared at a resolution of 0.5 cm-I 
170 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
RATIO CURVES. UPPER...SATURNISUN. MIDDLE. ..JUPlTERISUN. LONER.. ..JUPITERISATURN 
Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter ind the Sun, and , 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l .  
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
. Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and SBturn spectra compared at a resolutioq of 0.5 cm-r. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cnl-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn ,and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn specfra compared at 'a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at  a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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. Figure 4 (continued).-Ratlo plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Satu,rn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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UPPER MlN .00000 UAX .16281*00 U I D  M I N  .OOOOO M A X  .6~211+00 LOU UlN .DO000 UAX .83459+0I 
Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, ~uji ter  and the Sun, and 
Jupiter and Saturn spectra compared at a resolutian of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at  a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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204 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 20.5 
RATIO CURVES. UPPER.. .SATURNISUN. UIDDLE. .  . JUPITERISUN. LQUER.. . . JUPITERtSATURN 
Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra co~npared at a resolution of 0.5 ernm1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continuedj.-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolytion of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn specua compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-I. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l . 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resblution of 0.5 crn-l . 
238 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
RATIO CURVES. UPPER...SATURNISUN. HlOOLE...JUPITERISUN. LOWER....JUPITERISAWRN 
UPPER nlN .ooooo nAx .253~9+01 n13  IN .ooooo n ~ x  . ~eo-te+oe LOY  IN .ooooo M A X  .103sl+oe 
Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
t Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots o f  Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
242 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
RATIO CURVES. UPPER...SATURNlSUN. MIDDLE...JUPITERISUN. LOIIER....JUPITERISATURN 
UPPER M I N  .ooooo M A X  .zsrsz+o~ M I D  M I N  .OOOOO MAX .13977+02 LOW HIN .ooooo MAX .13016+02 
95 
W A V E  N U H B C R  CH-1 
Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-1. 
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Figure 4 (continued).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
246 NEAR-INFRARED SPECTRA OF JUPITER, SATURN, AND URANUS 
RATIO CURVES. UPPrR...SATURNISUN, MlDDLE...JUPITER1SUN, LOUER....JUPITER/SATURN 
UPPER M I N  .ooooo n ~ x  .211es+a1 n ~ o  M I N  .ooooo MAX .eerus+o~ LOU M I N  .OOOOO M A X  .7eo1e+o1 
Figure 4 (concluded).-Ratio plots of Saturn and the Sun, Jupiter and the Sun, and 
Jupiter and Saturn spectra compared at a resolution of 0.5 cm-l. 
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